ABSTRACT -Cotton is highly susceptible to the interference imposed by weed community, being therefore essential to adopt control measures ensuring the crop yield. Herbicides are the primary method of weed control in large-scale areas of production, and usually more than one herbicide application is necessary due to the extensive crop cycle. This study aimed to evaluate the selectivity of different chemical weed control systems for conventional cotton. The experiment took place in the field in a randomized block design, with twenty nine treatments and four replications in a split plot layout (adjacent double check). Results showed that triple mixtures in pre-emergence increased the chance of observing reductions in the cotton yield. To avoid reductions in crop yield, users should proceed to a maximum mixture of two herbicides in pre-emergence, followed by S-metolachlor over the top, followed by one post-emergence mixture application of pyrithiobac-sodium + trifloxysulfuron-sodium.
INTRODUCTION
Brazil currently detains a prominent place in cotton production and is ranked among the top five cotton producers in the world (ICAC, 2014) . Two factors that are contributing to the variation of cotton planted area in Brazil are good economic returns that the marketing of the fiber production has brought to producers in recent seasons, as well as the possibility of a second crop cultivation in rotation with soybeans areas, which allowed its exploration in areas where the culture was not usually cultivated.
The high economic importance that the cotton represents for the agricultural sector creates a continuing need of cultural practices that are developed, in order to maintain and even increase the culture productivity levels, and this adopted strategy aims to minimize the risks affecting cotton plants throughout its growing cycle. Among the main factors responsible for losses in yield and the industrial quality of the fiber produced, weeds are the cause of huge losses to the cotton when not handled properly (Freitas et al., 2002; Keeling et al., 2011) .
The critical period of weed control (CPWC) of weeds in cotton varies according to cultivars and adjustments used in seeding, but it usually starts around eight days after emergence and continues until the sixty-sixth day (Salgado et al., 2002) . In more recent works, also evaluating CPWC in cotton in Brazilian "Cerrado" conditions, it was found that, for three different spacing of sowing times, the interference critical period was between 8 to 65 days for 0.90 m spacing, between 4 to 59 days for the 0.76m spacing and between 3 to 33 days for 0.45 m spacing (Raimondi et al., 2014) . These data demonstrate that even when seeded densely, if on one hand there is the advantage of closing lines to occur earlier (reducing the period in which the crop is exposed to weed competition), on the other hand, there is the disadvantage of interference in the cotton productivity to start earlier.
The weed management in cotton is an important component of cultural practices, for if it is neglected or the control is done at the wrong time, the damage done by the competition between the crop and the weeds are high. Among the control methods employed in the cotton, the one with wider use is the chemical, for the rational use of herbicides enables an efficient control of weeds and provides an easy execution, ensuring a good profitability (Braz et al., 2013) .
Although the chemical control is the main method of weed control in cotton, when proceeding to the choice of the herbicide, attention should be paid to its selectivity, for losses due to plant injury caused by the herbicide may be high. Among the factors that must be taken into consideration, when choosing an herbicide, is the application mode.
In cotton, herbicides can be used in the management of pre-sowing, pre-plant incorporated, pre-emergence, post-emergence and post-emergence directed spray (Troxler et al., 2002) .
Because the cotton plants show a longer cycle compared to other crops, it is usually required more than one application of herbicides in different modes, thus increasing the risk of phytotoxicity (Koger et al., 2007) . Furthermore, a commonly herbicide mixture in tank is used to increase the weed control spectrum. Although there are several studies addressing the selectivity of herbicides for cotton, very few have focused on the overall assessment of herbicides application that are needed during the crop cycle. Therefore, the aim of this study was to evaluate the selectivity of weed management different systems in conventional cotton, taking into account the herbicide treatments effects related to growth, development, productivity and the quality of the fiber harvested. Figure 1 . When necessary, one irrigation depth of 22 mm was applied.
MATERIALS AND METHODS
The experimental design was a randomized block design in split plots (2 x 29) with four replications. The herbicide treatment factor (29 treatments) was allocated to the plots and the herbicides absence and presence factors (two treatments), in the subplots. Therefore, each plot consisted of a subplot that received the herbicide treatment, and an absolute control, which received no herbicide treatment. The adoption of this experimental arrangement allows the comparison (split) of herbicide treatments with the control that has been installed within the same plot, which consequently efficiently minimizes the area variability and the experimental error, which is critical for selectivity experiments that evaluate a large number of treatments.
The experimental unit (subplot) comprised four planting rows spaced 0.76 meters, with six meters in length, comprising a total area of 18.24 m 2 . The useful floor area corresponded to the two central lines with a surround of 0.5 meters at each end. The herbicide treatments were applied with a pre-crop emergence mixture over the top (cotyledon stage of culture) and/or in post-emergence crop (Table 1) .
Pre-emergence applications took place on the same day of sowing, being in full pre-emergence (crop and weed). The Regardless the herbicide treatment used, all plots were kept free of weeds presence throughout all cycle, preventing weeds to interfere with the selectivity results. During the crop cycle, four weeding were carried out, the last one at 60 DAE. All cultural practices necessary for the farming conduct, as pest and diseases control, use of plant growth regulator, defoliant, among others, were equally used on all plots, so that the herbicide treatment was the only variable tested.
In plant injury visual assessments, notes were assigned in each experimental unit on the scale (1-9, where 1 corresponds to no symptoms and 9 complete plant death) proposed by EWRC (1964) , at 11, 25, 31 and 60 DAS. Two reviews of cotton plants population were held at 11 and 144 DAS, counting the number of emerged plants in 4 linear feet of two tree rows (8 linear feet) within each plot. The average plant height was determined by the evaluation of ten plants per plot, at 25 and 144 DAS. The plants were measured from the cervix to the insertion of the youngest fully expanded leaf.
The number of bolls per plant was valued in ten plants per plot, adding up all plant open bolls and grenades apples. At 144 DAS, the intersections of branches (nodes) of the plant stem were also quantified, evaluating ten plants per experimental unit.
At harvest, 30 bolls per plot were randomly selected, 10 were collected at each plant position (lower, middle and upper). For the analysis purposes, the average mass of seed cotton per boll was considered. After the bolls mass appraisal, the plume mass contained in 30 bolls was evaluated. The cotton was ginned with an electric ginner to evaluate the mass of the plume. For the statistical analysis, an average value of thirty bolls was taken. The cotton harvest was performed manually in all the useful floor area of the plot, and the seed cotton production per kg per plot was quantified; this result was later extrapolated to kg per hectare.
Plumes samples of 30 bolls of each plot were sent to the ABAPA Fiber Analysis CenterBahia Association of Cotton Producers in Luís Eduardo Magalhães-BA. These samples were used to determine the fibers technological quality through the HVI test (High Volume Instrument) for the following characteristics: average fiber length (AFL), length uniformity index (IU), short fiber content (SFC), resistance (RES), micronaire index (MIC) and maturity (MAT) (Ng et al., 2013) .
The results obtained in the experiment were subjected to the variance analysis; subsequently, the comparison of the unfolding factor of the herbicide treatment absence and presence was taken by the F test at 5% probability (p < 0.05). The partial unfolding of the interaction is justified by the experiment objective, which is evaluating the herbicides treatments selectivity, since a treatment may be considered selective, when the yield and quality of the product are similar to treatments without herbicide.
RESULTS AND DISCUSSION
At 11 DAS, the plants were given the preemergence treatment only, slight injuries being observed in all those receiving this herbicide application mode, with banknotes ranging from 2.25 (slightly yellowing or deformation in some plants cotyledons in the plot) and 4 (light yellowing or deformation in the cotyledons of various plants in the plot, without, however, presenting necrosis) ( Table 2 ). In general, when it comes to the use of pre-emergence herbicides, it is common to observe herbicide symptoms, which not necessarily reflect the low selectivity of the product, being just off effects, from which plants tend to recover with the issuance of new leaves (Dan et al., 2011) .
The low toxic symptoms observed on the treated plants with clomazone in preemergence possibly occurred due to the use of safener dietholate, which increases the tolerance to such herbicides in cotton. This behavior occurs because the dietholate insecticide inhibits the cytochrome P-450 activity in treated plants, making them more tolerant to clomazone (Yun et al., 2005) .
In the assessment at 25 DAS (14 days after the over the top application), it is noted that, in general, treatments with PRE triple mixtures had higher injuries than in the previous evaluation, a higher intoxication in treatments receiving the clomazone + trifluralin + prometryn mixture being observed; in two treatments (T11 and T15), necrosis was observed at some leaves edges. It is also noticed that there was no increased toxicity on treatments that received pre-emergence herbicides compared to, apart this one, those that also received S-metolachlor over the top.
Treatments that received over the top applications only after 25 DAS (T27, T28 T29), without the pre-emergence herbicides use, it showed very few or no herbicide symptoms, which demonstrates the S-metolachlor selectivity in this application modality. Previous results with S-metolachlor application experiments in higher doses, or even in plants treated with pre-emergence clomazone, also showed no symptoms of intoxication on cotton plants (Freitas et al., 2006a; Dan et al., 2011) .
At 31 DAS (four days after the first postemergence application), treatments with no post-emergence application (treatments 1-8 and 29) had low intoxication levels, being 2.25 the highest grade obtained, characterizing a
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mild chlorosis or leaf deformation in a few plants. In contrast, treatments that received the post-emergence application showed high levels of injuries, with notes ranging between 5.00 and 5.25 (necrosis at some points of the leaf), which indicates that the application of herbicide pyrithiobac-sodium + trifloxysulfuronsodium association in post-emergence was responsible for the observed symptoms.
At 60 DAS, 19 days after the second post-emergence application, no symptoms of intoxication were observed on young leaves, indicating the culture recovery of the plant injury caused by herbicides applied in different ways. The cotton lower sensitivity to pyrithiobac-sodium + trifloxysulfuron-sodium sequential applications may be related to a more advanced stage of the culture at the time of the second application. In general, plants at more developed formation stages have alterations in morphological and physiological characteristics that confer increased tolerance to herbicides.
In species such as cotton, soybean and corn, the higher cuticle deposition on the leaf surface and the larger herbicides degradation capacity are factors that have been used to explain the increased herbicide tolerance in more advanced development stages (Braz et al., 2012) . Regarding trifloxysulfuron-sodium it has been proven that injuries' levels vary according to the dose applied and specifically the culture development stage at the time of application (Freitas et al., 2006b) . As the second postemergence application was made after 41 DAS only, plants possibly had become more tolerant to herbicides, because of their higher development, when compared with the first post-emergence application.
For the population of cotton plants, at 11 DAS, treatments 4 and 7 were the only ones reducing the culture population (Table 3) compared to the respective ones without herbicides treatment.
Evaluating the cotton plants final population, held at 144 DAS in addition to the treatments 4 and 7, the treatment 23 showed inferior stand than its corresponding control (Table 3 ). Treatment 13 (clomazone + prometryn/2 applications of pyrithiobacsodium-sodium + trifloxysulfuron) was far away from normality, presenting upper stand than its comparison.
All treatments showing differences in crop stand consisted of pre-emergence triple mixtures, with clomazone + trifluralin + diuron or prometryn + clomazone + trifluralin, which were responsible for the cotton stand reduction, since from the first evaluation when the culture received pre-emergence treatments only, these differences were already observed. Dan et al. (2011) , on work conducted on a higher clay content soil (39%), apart from certifying the double mixtures selectivity (clomazone + clomazone + prometryn or diuron) to cotton, also found no stand differences between triple mixtures (clomazone + trifluralin + diuron or clomazone + trifluralin + prometryn). This finding indicates that on soils with higher sand content, damages are more intense, the soil texture playing therefore a key role in the herbicides selectivity with residual activity in the soil.
In evaluations related to the cotton plant height (Table 4) , at 25 DAS, all treatments with pre-emergence clomazone + trifluralin + diuron, reconciled or not with S-metolachlor over the top treatment, showed lower plant height.
Another triple mix, clomazone + trifluralin + prometryn, also showed a size reduction, in both cases without the over the top treatment addition. The unique double mix that was down-sized at 25 DAS was treatment 10 (clomazone + diuron) applied in pre-emergence.
As the plant height at 144 DAT treatments 27, 28 and 29 showed no difference compared to the respective untreated control. For treatments that received pre-emergence double mixtures, when applied in that modality only or combined with an alternative application (over the top or post-emergence), there was no difference in height, except for treatment 10 (clomazone + diuron preemergence/pyrithiobac-sodium-sodium + trifloxysulfuron post-emergence), which had already height reduction since the beginning of the crop cycle. However, when the double mixture was used in conjunction with other application methods (over the top plus one or two post-emergence applications) reduction of the culture size was observed in all cases. Considering the pre-emergence triple CLOM = clomazone; PROM = prometryn; DIUR = diuron; TRIF = trifluralin; S-MET = S-metolachlor; PYRI = pyrithiobac-sodium; TFLX = trifloxysulfuron-sodium. 1/ Single application; 2/ Sequential applications. Averages followed by the same letter in each line, in the same evaluation, do not differ by the F test (5% probability). Table 4 -Evaluation of plant height in cotton crops at 25 and 144 DAS, according to different herbicide treatments application on cotton weed management. Luís Eduardo Magalhães-BA, 2010/2011 CLOM = clomazone; PROM = prometryn; DIUR = diuron; TRIF = trifluralin; S-MET = S-metolachlor; PYRI = pyrithiobac-sodium; TFLX = trifloxysulfuron-sodium. 1/ Single application; 2/ Sequential applications. / = sequential application; + = mixture in tank. Averages followed by the same letter in each line, in the same evaluation, do not differ by the F test (5% probability).
mixtures, the clomazone + trifluralin + diuron mixture remained inferior to the respective controls, regardless the complement with other application modalities. For treatments with clomazone + trifluralin + prometryn, the height reduction was observed when associated with one or two post-emergence applications only (T11 and T15), or when associated with over the top application plus a post-emergence application (T19) ( Table 4) .
Treatments with pre-emergence triple mixtures were generally responsible for the plant growth reduction, indicating that the three herbicides interaction (clomazone + trifluralin + diuron or prometryn) may affect the plant growth (Table 4) . Results demonstrated that, despite the cotton high tolerance to an application modality, when considering the addition of more than one method, the plant's metabolic system apparently metabolizing these herbicides may imply a lower allocation of resources on growth.
In the plant number of bolls evaluation, no rated treatment significantly differed from those without herbicides (Table 5) . These results corroborate others reported in literature, where the authors also found no influence of herbicides on this variable (Brambilla, 2007; Arantes, 2008) .
The differences in the number of nodes per plant were observed when were assessed the pre-emergence triple mixtures only, the plants receiving these treatments showing fewer nodes than their respective controls (Table 5 ). The mixture clomazone + trifluralin + prometryn showed reduction of the nodes number when reconciled to S-metolachlor in over the top (treatment 7) or one or two post-emergence applications (treatments 11 and 15). As for clomazone + trifluralin + diuron mixture, differences in the nodes number when associated to two post-emergence applications (treatment 16) or associated to S-metolachlor in over the top plus one or two post-emergence applications (treatments 20 and 24). Regarding the seed cotton mass (Table 6) , there was no significant difference between treatments and their respective controls for this variable.
In the boll plume mass evaluation (Table 6 ), no herbicide treatment showed statistically inferior mass than its adjacent control, although treatment 17 has shown plume mass above its control. Table 7 shows the results of the seed cotton productivity. When the crop received two pyrithiobac-sodium + trifloxysulfuron-sodium post-emergence applications (treatment 26), the yield was lower than its control. Analyzing the double mixtures selectivity, we noted that the clomazone + prometryn mixture was selective in any combination, and clomazone + diuron damage productivity compared to controls and when associated to two postemergence applications (treatment 14) or over the top application plus two post-emergence applications. Brambilla (2007) , when evaluating two cotton cultivars (Delta Opal and FMT 701), also did not observe reduced productivity by mixing clomazone + diuron (900 + 900 g ha -1
). Similarly, using the same combination of these herbicides at higher doses, clomazone + diuron (1.000 + 1.500 g ha -1
), Dan et al. (2011) observed no difference in productivity between the control one and the mentioned treatment applied in pre-emergence.
The diuron + trifluralin + clomazone triple mixture applied in pre-emergence caused yield reduction when applied alone (treatment 4), when associated to a post-emergence application (treatment 12), or when associated to S-metolachlor over the top plus one or two post-emergence applications (treatments 20 and 24).
The clomazone + trifluralin + prometryn mixture applied in pre-emergence, combined with one or two post-emergence applications (treatments 11 and 15) or without addition with another application (treatment 3) showed a productivity reduction. These treatments also showed reduced plant height in at least one assessment. Similar results were observed in experiments on soils with 39% clay and Nu Opal cultivar where clomazone + trifluralin + diuron or prometryn triple mixtures (1.250 + 1.800 + 1.500 or 1.500 g ha -1
) showed lower cotton productivity in pits than their respective controls (Dan et al., 2011) .
Pre-emergence clomazone + prometryn, S-metolachlor applied over the top or a single post-emergence application of pyrithiobacsodium + trifloxysulfuron-sodium showed no Selectivity of chemical weed control systems in conventional cotton CLOM = clomazone; PROM = prometryn; DIUR = diuron; TRIF = trifluralin; S-MET = S-metolachlor; PYRI = pyrithiobac-sodium; TFLX = trifloxysulfuron-sodium. 1/ Single application; 2/ Sequential applications. / = sequential application; + = mixture in tank. Averages followed by the same letter in each line, in the same evaluation, do not differ by the F test (5% probability). CLOM = clomazone; PROM = prometryn; DIUR = diuron; TRIF = trifluralin; S-MET = S-metolachlor; PYRI = pyrithiobac-sodium; TFLX = trifloxysulfuron-sodium. 1/ Single application; 2/ Sequential applications. Averages followed by the same letter in each line, in the same evaluation, do not differ by the F test (5% probability). differences in productivity relative to its adjacent controls, being as selective. Previous studies, which corroborate the results of this work showed that there is no negative effect on cotton yield caused by post-emergence trifloxysulfuron-sodium single application at doses up to 7,875 g ha -1 (Freitas et al., 2006a, b) .
These results indicate that preemergence triple mixtures or two applications of pyrithiobac-sodium + trifloxysulfuronsodium are responsible for yield losses in treatments hereby studied. Therefore, a safer recommendation would be to use mixtures of two herbicides in pre-emergence, plus S-metolachlor over de top and a single post-emergence pyrithiobac-sodium + trifloxysulfuron-sodium application.
The fiber formation process is divided into four different phases: initiation, elongation, secondary wall formation and maturation. During the fiber growth and development, a strong interference from the middle factors occurs, specifically temperature, solar ), according to different herbicide treatments application on cotton weed management. Luís Eduardo Magalhães -BA, 2010/2011 CLOM = clomazone; PROM = prometryn; DIUR = diuron; TRIF = trifluralin; S-MET = S-metolachlor; PYRI = pyrithiobacsodium; TFLX = trifloxysulfuron-sodium.
1/ Single application; 2/ Sequential applications. Averages followed by the same letter in each line, in the same evaluation, do not differ by the F test (5% probability).
radiation, relative humidity and plants mineral nutrition, among others, mainly affecting thickness, maturity, strength and fiber length. From the intrinsic point of view, the final fiber quality depends on genes, environment, harvesting form and other external factors, such as the herbicides use (Snipes Mueler & 1994) . Results regarding the cotton fiber technological characteristics evaluation are presented in Table 8 .
Concerning the fiber length assessment (AFL), only treatment 17 (pre-emergence clomazone + prometryn associated to Smetolachlor over the top and a post-emergency pyrithiobac-sodium + trifloxysulfuron-sodium) application, negatively affected the variable factor. For the variable fiber length uniformity index response (IU), apart from treatment 17, which showed shorter fiber length, treatment 9 also showed lower IU, indicating that pre- Table 8 -Technological characteristics evaluation (AFL -length; IU -length uniformity index) of cotton fiber, according to different herbicide treatments application used in the weeds management. Luís Eduardo Magalhães-BA, 2010/2011 CLOM = clomazone; PROM = prometryn; DIUR = diuron; TRIF = trifluralin; S-MET = S-metolachlor; PYRI = pyrithiobac-sodium; TFLX = trifloxysulfuron-sodium. 1/ Single application; 2/ Sequential applications. Averages followed by the same letter in each line, in the same evaluation, do not differ by the F test (5% probability).
emergence clomazone + prometryn application associated to post-emergence pyrithiobacsodium + trifloxysulfuron-sodium may be responsible for the negative evaluation in that response. The short fibers index variable (SFC), resistance (RES), micronaire (MIC) and fiber maturity (MAT) showed no differences between treatments and their respective adjacent controls, signaling that herbicides had no influence on these variables (no data shown).
The triple mixtures use of herbicides applied in pre-emergence increases the possibility of reductions' occurrence in cotton yield.
In order to avoid crop yield reductions, one must proceed to two herbicides mixture in pre-emergence, together with S-metolachlor over on top, plus a post-emergence single application of pyrithiobac-sodium and trifloxysulfuron-sodium association.
